Abstract
Introduction
Small-scale studies from kindergartens in the Bangkok Metropolitan Administration as well as provinces in southern Thailand show an increasing trend in obesity among pre-school and school-age children. Paediatricians in medical school hospitals have also observed increasing numbers of overweight children attending well-baby clinics. In a survey of primary schoolchildren in a private school, 14.3% were obese, a figure that is much higher than that among children from lower socio-economic status groups attending Bangkok Metropolitan Administration schools (3.4 %) [1] .
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Parental obesity, higher family income, small family size, and low exercise levels are factors contributing to obesity among Thai children. The ready availability and increasing consumption of processed snack ("junk") foods is also adversely affecting the nutritional status of both urban and rural children [1] . In addition, changing trends have been reported in terms of an increase in energy intake (particularly sugar and fat), along with decreased physical activity (from television viewing and adoption of a sedentary lifestyle) [2, 3] . Such findings emphasize the significance of physical activity as part of the population's changing lifestyle. Indeed, nutrition and physical activity should be considered an integral part of fitness and good health.
Physical fitness tests in Thailand
Exercise and sport have long been recognized as tools in preventive medicine. The pioneering efforts of Prof. Dr. Auay Ketsingh, known as the Father of Sports Medicine in Thailand, have been well demonstrated through several "fitness parks" in both rural and urban areas [4] .
In schools physical education to enhance children's physical activity and fitness is rather limited. Motor fitness tests proposed by the International Committee for the Standardization of Physical Fitness Tests (speed, muscular power, muscular strength, muscular endurance, flexibility, agility, and endurance) were first given to Thai schoolchildren in 1968, under the mission of the Department of Physical Education, Ministry of Education. They are now conducted every 10 years, with the objective of determining physical fitness norms of randomly selected groups of children aged 10 to 18 years. The ultimate goal is to modify the physical education curriculum in schools suitably [5] .
Play is natural behaviour for young children in terms of exploration and social interaction with others. However, children from affluent societies are more exposed to inactive behaviour through video games, watching television, and other indoor activities. Academic achievement has also been overemphasized, to the extent that children who play on the playground are seen to be wasting their time. This is more pronounced in the more affluent private schools. Although children may be more active than adults, if they do not develop regular exercise habits as children they may not grow up to be active adults.
Child and adolescent overnutrition is associated with increased morbidity and mortality, especially from coronary heart disease, atherosclerosis, and colorectal cancer [6, 7] . Since physical activity has been found to lower the risk of chronic diseases, regular physical activity and fitness should be advocated, beginning at an early age. Either motor fitness or health-related fitness is suggested for use as an index of physical fitness. However, motor fitness generally includes some physical abilities that relate primarily to athletic performance, whereas health-related physical fitness focuses on the aspect of fitness that is related to day-to-day function and health maintenance [8] .
To reinforce the new health fitness approach among Thai schoolchildren, a Nutrifit programme consisting of a nutrition education and physical training model was developed. The main purpose was to create awareness of sound nutrition and physical fitness among schoolchildren and promote self-assessment of nutritional status in terms of weight-for-height and acceptable physical fitness with peer support.
Materials and methods

Preliminary background
A one-day workshop was held at the Institute of Nutrition at Mahidol University (INMU) to obtain information from physical education teachers in primary schools about their programmes and how children use their leisure time in school. All schools in Thailand provided 50 minutes of formal physical education per week as part of the school curriculum. The facilities varied depending upon the availability of sports equipment, space, and time for play during the break periods.
In addition, the teachers expressed a need to conduct physical fitness testing to identify their children's fitness status. To meet this need, the Nutrifit programme incorporated the fitness test using the established and widely used Fitnessgram [9] , along with nutrition education and physical training to improve schoolchildren's nutritional status and fitness. The Fitnessgram, developed by the Cooper Institute for Aerobic Research in Dallas, Texas, USA, also assesses cardiovascular endurance, muscular strength and endurance, flexibility, and body composition. The criterion reference standard, based on the established relationships between fitness and health, represents a level of fitness that offers some degree of protection against diseases that result from sedentary living. This standard was used for test interpretation. It requires both scientific knowledge and measurement expertise, whereas the traditional norm reference is based on relative norms, including percentile scores [8] .
Subjects and administration of tests
The study was conducted in two government schools (A and B) and two private schools (C and D). Children eight to nine years of age were randomly recruited from two or three third-grade classes in each school. The significance and objectives of the Nutrifit programme were explained to the school authorities, the children, and their parents. Written consent was obtained from the parents. Of those selected, 100% of the children in schools A, B, and D and 94% of those in school C participated. A total of 514 boys and girls participated in the study.
The Nutrifit programme was conducted in such a way that schools B and D received sporadic healthrelated fitness tests with intervention during the physical education period every other week, i.e., two 50-minute periods per month. Schools A and C received only the fitness tests without intervention. In the two government schools, there were 61 boys and 67 girls in school A and 70 boys and 80 girls in school B. Schools C and D, the private schools, had 126 and 110 students, respectively, all of whom were boys.
Physical fitness test
Health-related fitness was tested by the well-trained research team at the beginning of the first semester and a month later as the baseline. Each team member performed the same test throughout the study. The third measurement was taken at the end of the second semester. The fitness component included curl-up and trunk-lift for muscle strength, modified push-up for muscle endurance, back-saver sit and reach for flexibility, and one-mile walk/run for cardiovascular endurance. The test procedures are shown in table 1.
A "fitness corner" was set up in each school. Fitness test equipment included the gym mat with the measuring card for the curl-up test, the gym mat and a ruler with colour tape for the trunk-lift test, an adjustable wooden bar for the modified push-up test, and a box with ruler for the back-saver sit and reach test [9] . A bathroom scale and the microtoise were used for weight and height measurements. Posters on the procedure for measuring fitness and the cut-off points of the healthy fitness zone were displayed to reinforce achievement levels of physical training. The modified Fitnessgram included interpretation of health-related fitness based on the Fitnessgram criterion reference standard, as shown in table 1. The Thai reference standards established by the Subcommittee on Nutrition, Ministry of Public Health, were used for assessment of nutritional status. Children with weight-for-height above the 97th percentile were classified as obese, those with weight-for height between the 90th and the 97th percentiles as overweight, and those with weight-forheight below the 10th percentile as underweight [10] .
Nutrition and physical training education
Nutrition education was provided along with physical education to schools B and D. The children had 10 sessions during their physical education class that covered the concepts of proper nutrition and means of achieving it, how to plot their weight and height on the growth chart that was provided, interpretation of their growth chart, and the health benefits of maintaining their weight-for-height within the normal range. After each child had plotted his or her weight and height, the growth chart was evaluated by the research team, sent to the parents, and then kept in the classroom.
In terms of physical training and education, the children learned how to improve muscular strength, power, flexibility, and cardiovascular endurance. Instructional materials were given during physical education sessions by the research team. Children were asked to select their own buddies so that they could learn to perform the fitness test correctly as a team.
Interpretation
All children received an interpretation sheet to indicate the status of their weight and height and whether their fitness status was below, within, or above the healthy fitness zone. This interpretation also included written suggestions on how to improve their status. The results from each child were given to the child, the parents, and the school principal, with emphasis on the need to improve physical fitness through additional training and to create awareness of the optimal weight-forheight. Children who showed improvement in all of the fitness elements by the end of the seven-month pe- riod received the interpretation sheet with a star label as a sign of recognition. This label has long been used as an effective reinforcement symbol, with which Thai children are familiar. With continuous improvement in all measures of physical fitness and nutritional status, the children were given a certificate and reward.
Statistical analysis
Descriptive statistics were used for nutritional status and the physical fitness test. The Wilcoxon matchedpairs signed-ranks test was used to compare pre-and post-intervention results. The level of statistical significance was p < .05. Figure 1 shows the nutritional status of the children in the four schools. A larger proportion of children from government schools (70% and 71% in schools A and B, respectively, before intervention) were of normal nutritional status as compared with those from private schools (41% and 67% in schools C and D, respectively, before intervention). Thirty-nine percent of children from school C were classified as obese before intervention, whereas in schools A, B, and D, the rate of obesity ranged from 9% to 16%.
Results
Nutritional status
Before intervention
After intervention Children with weight-for-height above the 97th percentile were classified as obese, those with weight-for height between the 90th and the 97th percentiles as overweight, and those with weight-for-height below the 10th percentile as underweight [10] Improvement of nutritional status within this sevenmonth period was not anticipated. However, all children received the interpretation sheet along with the individual growth chart. Nutrition guidelines were provided to overweight and obese children and their parents.
Health-related fitness
Boys and girls with Fitnessgram scores below the cutoff points of the healthy fitness zone for their sex were grouped together as "not passed." Those with scores within the fitness zone were classified as "passed," and those with scores above the fitness zone were classified as "excellent" (table 1) .
The intervention using the fitness and nutrition package in school B resulted in significant improvement in muscular strength (trunk-lift and modified push-up), curl-up, and one-mile walk/run. In school D, significant improvement was observed for trunk-lift, curlup, flexibility, and one-mile walk/run. No improvement was observed in flexibility in school B and modified push-up in school D (table 2) .
Despite the lack of intervention, the authorities in school A played an important role in improving children's fitness. The names of the children who did not pass the test were listed and they were called upon to practice at the fitness corner during the school break and the physical education period. Although not all children passed the fitness test conducted by the investigator's team at the end of the second semester, there was significant improvement with regard to muscular strength (curl-up and trunk-lift) and flexibility (sit and reach), whereas modified push-up and one-mile walk/ run did not show any improvement.
Fitness improvement also occurred in school C as measured by the curl-up, trunk-lift, and modified pushup. Performance was lower for aerobic capacity as measured by a one-mile walk/run. The results were partly due to the large number of overweight and obese children, who evidently had low enthusiasm for performing this endurance test. There were no changes in measurements of flexibility in this school.
A higher level of apathy existed among private school authorities and children than their government school counterparts in terms of eagerness and willingness to improve health and nutritional status. Academic achievement probably plays a more important role in private school policy, whereas exercise and play time are not stressed.
Because private schools have many obese children whose ability to pass the aerobic capacity test is low, children in these schools are more likely to be at risk. Further intervention in terms of nutrition and increase in physical activity and fitness needs to be emphasized.
Discussion
Although the nutritional status of schoolchildren is routinely measured and recorded in their health reports, it is a rather static practice, and little remedial action is taken by the school authorities. Health reports from all schools throughout the country are merely compiled to indicate the overall picture of the nutritional status of Thai children.
In this study, the nutritional education intervention enabled the children to plot their own weight and height on the growth chart. This probably increased their interest in improving themselves as compared with their peers. Nutritional guidance was given to reinforce the importance of optimal weight-for-height and ways of achieving it.
Change in the nutritional status of the children within the short period of this study was not expected. However, the children could learn about the growth chart in the Thai context. Parental viewpoints could also be obtained with reference to the Thai norm. If the growth chart of each child was plotted periodically, it would probably create awareness among children about the importance of remaining within the weight-for-height norms.
The interpretation sheet contained weight-for-height as one of the six physical fitness elements. If a child was within the zone of proper weight-for-height, one star was put on the sheet. However, for the other five elements, children received star labels only if they exceeded the cut-off points for the healthy fitness zone.
Peer pressure was observed in some children in terms of how many star labels they had achieved. They felt that they would get the recognition reward only if they received all stars in all categories. In school A, children who received this recognition were photographed with the school principal, and the picture was displayed in the classroom.
The need for recognition and star labels, however, seemed to promote performance among the children. It may be desirable to create a sense of healthy competition among peers. If they continue to improve their fitness by increased training, they may eventually learn to lead an active lifestyle.
Conclusions
The Nutrifit programme is one of the ventures proposed to create increased awareness of nutrition and fitness among young Thai schoolchildren. The healthrelated fitness zone can be used as an effective measure for training children to reach or exceed the fitness zone. There is need, however, to follow up on improvements in nutritional status along with fitness throughout childhood and adolescence. Eventually, children may show individual concern, and an awareness of nutrition and physical fitness may be created among them. The overall picture of fitness along with specific components should also be targeted so that physical education instructors can examine and possibly modify the existing physical education curriculum to improve fitness among their own schoolchildren. In this study interpretation of fitness results was effective not only in encouraging children to improve their fitness status, but also in creating awareness among school administrators. This has been a preliminary attempt, and further work in this direction is necessary. Assessment and evaluation of nutrition and physical fitness should become an essential part of the physical education policy in schools. This will help to promote the emergence of a healthy and energetic Thai younger generation.
